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BACKGROUND pr THE INVENTIO N 
Field of Hie Inve ntion 

The present invention relates to an image-for- 
ming dovieo employing oloct, on-omitting olomonls. 



nelalcd Backg round Art 

Hitherto Ihin plate-type image-forming devices 
have been used, in which a p i uia ii,y of electron . 
em.lt.no. elements are arranged in a plane and are 
counterposed to a., imagc-fo.ming members lor 
forming image by electron beam irradiation (a 
member which emits light, changes its color be- 
come Dioctn'fiod. or donaturatod by collision of 
• electrons, e.g.. a fluorescent material, and a resist 
mmo.M.1). Fig S . 35 and 30 show outline of const.uc- 
t'on of a cnnvoniional electron boa... display device 
as an example ol the image-lorming device Fig 36 
shows a sectional view at A-A' in Fig. 35 

The construction ol the conventional electron- 
beam d,splay device show,, in Figs. 35 and 36 is 
desenbod below in detail. A rear plate 101 an 
external frame 1 .1. and a face plate .09 constitute 
an onvolopo. The interior of the envelope is main- 
lined vacuum. Electrodes 103a and 103b. and an 
eocon-emilling seclion )(M conslj|ule m 
electron-emitting element 105. A scanning elec- 
trode .02a and an information signal electrode 
102b a-e wiring electrodes, and are connected re- 
spectively to the electrodes 103a and 103b A 
glass substrate 106. a transparent electrode 107 
and a fluorescent material (an Image-taming mem-" 
bor) loo constitute the face plate 109. The numeral 
2 .nd.c-.tos a lurninoscent spot, and the numeral 
10 indicates a supporting member lor supporting 
the envelope against the almospl.c.ic p-cssu.e 
The nlcctron-hoa.n display device displays an im- 
ngo by application of signal voltages between 
scanning electrodes 102a and information signal 
electrodes 102b arranged in an X-Y matrix to p,o- 
lect an electron beam onto the fluorescent material 
08 .n corrcspo.K'«uco wrth information signals As 
he electron-emitting element 105. uselul are 
Ihormooloctron-emilting elements in which olec 
Irons arc emitted Irom the electron-emitting section 
'04 on heating; field emission elements disclosed 

i n on^ atem 3755,7 ° 4 a " d U S - Pale "> No. 

<.9(M,895: and surface conduction type emitting 

dements disclosed in U.S. Patent No. 5 0G6 883 
In the above-described plane, type electron 

beam d.splay device, the inside of the envelope is 
kept at a vacuum. A supporting member 110 is 
proved between ,„ e fear plal0 10| ^ 
P'a-o .09 as shown in Fig . 36 to support the 
envelope internally againsl tho ox(ema| ^ 
•c pressure. The suppo.ti.ig member 1 10 is usually 



made of an insulating male.ial to give dictecfi- 
strength against high voltage applied between the 
luoroce.it material 108 (or the transient 0 !e- 
trode 107) and the electron-emitting element 105 
5 The support.ng member is indispensable for sim- 
pl.fical.on. miniaturization, and weight roduclion cf 
Ihc cnt.ro device, since a., electron b«am display 
dev.ee having a large, display surface is subjected 
to a larger total atmospheric p.essure. 
is However, in conventional electron beam dis- 

play devices mentioned above, as shown in Figs 
35 and 30. have a supporting member 1 .0 made of 
an insulating material, which will be electrified at 
the surface by undesired collision of electrons and 
•s ,o..s thereto. Tho clocliification of the supporting 
member causes tho probloms as below- (1, Tho 
electron beam is deflected owing to tho clcct.itica- 
lion. whc.cby the quantity ol inadialion of clcct.on 
beam onto the desired lluo.cscc.t material in the 
» ptcture elements fluctuates to cause irregularity in 
luminance and color. In particular, when the quan- 
tity "' Ihe electrification is large, the electro., beam 
is not projected to Ihe desired fluorescent material 
but .s directed to undesired adjacent fluorescent 
« matonal to cause crosstalk; (2) The quantity of 
oloctnr.cation varies win, i ap se of ii.no which 
causes time-variation of the electron path, resulting 
-n variation in the intensity of Ihc luminance: and 
(3) Eiectnc discharge occurs at the electrified sup- 
» porting member, which may damage the electron- 
emitting element or deteriorate the insulating prop- 
erly of the supporting member. 

For preventing the above electrification of the 
supporting member by Ihe electron boa.:, for ex- 
's ample, the insulating material portion ol tho sup- 
porting member 110 is surroundod will, a mola , 
cover 113 as shown in Fig. 37 (sectional view). 
(Japanese Pnloni Application Laid-Opcn No C1- 
150). In Fig. 37. the metal cover 1 13 is fired by 
« a member t m m Ulc S upp<„i, lly n.cmbc. I it) Ihc 
metal cover 113 is connected electrically to a 
transparent clccl.odc 107. Ihoroby. the mctol cov- 
er 1 13 rs kept at the same voltage as the transpar- 
cut electrode (lluorcsccni material 100) Generally 
<s the transparent electrode 107 is kept at a high 
potential so as to capture tho electron beam Whon 
Ihe metal cover is kept at a high potential is placed 
m promnily to the election-emitting element 105 
the electron beam emitted from the elect. 0.1 -emit- 
so t.ng element 1 05 is deflected toward (he side ol the 
metal cover 1 13. causing different problems men- 
tioned below: (4) A fraction of the electron beam is 
captured by Ihe metal cover, whereby the intensity 
or the electron beam is lowered and tho luminance 
ss of the fluorescent material is lowered at the proxim- 
'ly to tho supporting momber. causing irregularity 
ol the luminarv-e; and (5) The potential applied to 
the transparent electiotle (fluorescent material) can- 
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supporting member. In such a case, ihe applied 
volluyo is preferably noi higher than 0 V ( l)0 t 
I'rgMer thai, the potential of (he lower po(c»li..i 
electrode of (ho eleclron-mniiting element) as is 
clear from iho results of Ihe above investigation. 

Other construction membors of an imago-for- 
ming member of the present invention are de- 
scribed below in detail. 

The electron-emitting element may be either a 
hot cathode or a cold calhooe which are employed 
m conventional image-forming devices. However 
with the hot cathode, the electron emitting effi- 
ciency and the response rale will decrease owing 
to dilfusion ol heal lo Ihe substrate supporting the 
cathode. Furthermore. Iho imago-forming member 
may dolorioralo by action of heat. Therefore -ho 
density of arrangement ol Ihe hot cathodes and the 
image-fo.miMg members is limited. Fiom Iho con- 
sideration above, as the oicctron-cmitiiny elomen , 
preferred are cold cathodes including surface con- 
duction type emitting elements as Ascribed below 
semiconductor type cloction-cmitiing elements' 
and hold emitting elements: From among these 
cold electrodes, particularly preferred are the sur- 
face conduction type emitting elements because of 
■ho advantages such as: (I) high oloc.ron-omitting 
clic.cncy. (2) ease of production of ihe element 
and high density of m.angemenl of the elements 
on a substrate because of the simple element 
structure; (3) high response rate; and «) excellent 
contrast of luminance. / w » e.u 

An example ol ihe surface conduction type 
emitting elements is Ihe cold cathode element dis- 
closed by M.I. Elinson. et al. (Radio Eng. Electron 
Phys.. Vol. 10. pp. 1290-1290 (.365). This element 
generally callod a surface conduction typo 
electron-emitting element, utilizes electron emis- 
sion phenomenon caused by an electric current 
"owing in a Ihin film lo.med in a small area on a 
substrate in a direction parallel lo Ihe thin film Ihe 
surface conduction type electron-emitting element 
includes those utilising a thin Mm of SnO* devel- 
oped by Elinson el al. (loc. cit). those utiMng'a 
Jim dim of Au (G. Dillmer: "Thin Solid Films" Vol 

rm ',;V 7 (,972,, • 30d ' h0S0 "'^""J a '«'« of 
irO (M tartwoll and C.G. Fons.ad: "IEEE Trans. 
, tO Conf." p. 519 (1903). 
-/ // The typical consliuction ol such a surface con- 
duction type eleciron-emitting element is illustrated 
<n F.g u. The clement comprises electrodes 51a 
and 5 lb for electric connection, a thin film 52 
lormcd Irom an elcclron-cmiiting malcii.-l a «ub- 
strate 54. and an oleciron-emitiing section 53 In 
preparation of such a surface conduction electron- 
omitting element, an elccl.on-emiiiing section is 
lorrnod by oloclric healing treatment callod a lor- 
m.ng treatment .before the use lor the electron 
cm.ssion. In the fanning uealmc.il. a voltago is 



applied between the electrode 51a and the elec- 
trode 5. b t0 flow electric current through the thin 
film 52. (hereby Ihe thin film 52 being locally do- 
siroyed deformed, or destroyed by generated 
s Joule s heat to form an eleciron-emitting section 53 
»> a h,gh electric resistance stata/Thus electron- 
emitung function is attaineo'jH'eTir the "high elec- 
tric resistance state" mea'nTa discontinuous s-ate 
of the film that a crack ol 0.5 urn to 5 um lono 
>o having an "island s.iuc.ure" is formed in a P cr.,on 
of .he u*, «.m 52. The island «,uclur. means 
generally a stale of the film that fine particles of 
some tens of angstroms to several micron meters 
in diameter are disposed on a substrate and the 
'5 particles are spacially discontinuous mutually but 
are electrically continuous. Conventional su.laco 
conduction | yps electron-emitting elements cmil 
t'lecuons Irom the above fine particles on applica- 
nt of voliage to the above high-resis.ancc dis- 
w continuous dim through the electrodes 5ia and su, 
to How electric current on the surface of the elc- 
ments 

The inventors of the present invention dis- 
closed in U.S. Patent No. 5.066.883 a novel surface 
x conduction type electron-emitting element in v.hich 
particles to omit electrons are scattered between 
the electrodes. This electron-emitting eteme.il is 
advantageously capable of giving higher electron- 
emitting efficiency than conventional surface con- 
*> duction type emitting elernenls . Fjg g |||u 

typical construction ol Ihe element. The element 
comprises electrodes 51a and 51b for el--eirical 
connection, a thin film (an electron-emitting sec- 
tion) 55 on whij, fine particles 56 of a size ol 10 A 
w to 10 um are scattered, and an insulating planar 
substrate 54. In particular, in Fig. 9, Uie thin lilm 55 
has preferably a sheet resistance in a range of 
from 10= n/square to 10' 0/square. and eleciiodo 
interval in a range of from 0.01 um to 100 um 
« As discussed above, various types ol elcctron- 
em.ii.ng elements are useful in the present inven- 
tion. Among them, the cold cathodes involve the 
notable disadvantages of decrease of cloctron- 
emuiing efficiency, and crosstalk: cold cathodes 
« such as surface conduction type emitting elements 
and (.old omitting olo.nonts in which initial volocily 
of emitted electrons are large; in particular 
election-emitting elements in which the initial ve- 
locity ol emitted electrons is in a range ol l.om -t o 
so ov to 200 ev. and Ihe electron beam is deflected 
Irom the perpendicular direction toward a high .o- 
s.stanre electiuu-j side because the electrons in a 
beam emitted Irom an eleciron-emitting section 
have velocity component directing to Ihe high rc- 
ss sistance electrode on application ol a voltage. 
Hence, the technique of control of Iho potential ol 
the supporling member according to the present 
invention is significantly clfective in Ihe image- 
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forming device employing ihc above electron-cmit- 
tingcierneiits. 

f The image-forming mcmbet in ihe present in- 
vention may be made from any material which, on 
irradiation of electron-beam emitted for the 
electron-emitting olomont, causos luminosconco. 
color change, electrification, denaturing, deforma- 
tion, or a like change. The example of the material 
includes fluorescent materials and resist materials. 
In the case where fluorescent material arc used 
the image formed is a luminescent image or a 
fluorescent image, and for formation of full-color 
luminescent .mage the image-forming member is 
formed frorn luminescent materials of three primary 
colors of red, green, and blue. | 

The electron-emitting element and the imago- 
forming member are arranged in such manners as: 
(A) the electron-emitting elements 5 and the image- 
forming member 8 as shown in Fig. i are respec- 
tively disposed on ccunterposed substrate faces U 
and 1 in an envelope; or {B) the electron-emitting 
elements 75 and the image-forming member 78 
are disposed on the one and the same face of the 
substrate 71 as shown in Fig. 17. In the case of 
<B). s.nce the positive ions generated by collision 
of emitted oloctrons collide loss against lh e resid- 
ual gas in the envelope, deterioration of the 
electron-emitting element is remarkably prevented 
thereby giving longer life of the electron-emitting 
elements than in the case of (A). Furthermore the 
arrangement as in the case of (B) is prefc.red 
particularly for the electron-emitting elements in 
which the electron beam is deflected from the 
perpendicular direction toward Ihe high resistance 
electrode as in the case of surface conduction type 
omitting o'omont* v>d field omitting elemonts. 

The supporting member in the present inven- 
t'on may be a member constituted of an doc- 
troconductive material, or an insulating member 
such as glass which is coated wilh an electrocon- 
ducl.ve niu^uil. Otherwise the supporting member 
may be an insulating material on which eleclrocon- 
ductivity is imparted partially. In this case the 
clectroconductivity-imparicd region is placed in vi- 
cmity to the electron-cmitthig 'section of the 
oloctron-emitting olomont. Furthor. in the present 
invention, the supporting members can be ar- 
ranged on any pattern provided they are capable of 
mamtaining the envelope against atmospheric pres- 
sure. Consequently, it is not necessary for them to 
be stationed at every electron-emitting sections. 

In a case where an electron beam emitted from 
tho oloctron-emitting olemont is modulated in ac- 
cordance witli an information signal (control of Ihc 
quantity of emitted electrons, including on-off con- 
trol of oloctron omission), a modulation means is 
additionally provided. Such a modulation means 
includes: (O.mca.* ,„ which vollago is applied in 



accordance wilh an image information signal to a 
modulation electrode 18a placed on the same 
plane or the substrate 1 as an electron-emitting 
cement 5 as shown in Fig. II. or a modulation 
s electrode 60 formed by lamination on an electron- 
omitting olemont 5 with interposition of an insulat- 
ing layer 62 as shown in Fig, 15 to form a desired 
potential plane in vicinity {0 lhe election-emitting 
section, thereby controlling the quantity oNelectron 
w emission; and (II) means in which potential is ap- 
plied in accordance with image information signn's 
to scanning electrodes 2a and information signal 
electrodes 2b arranged in an XY matrix and con- 
nected to respective electron-emitting sections A 
'S arranged also in an XY matrix. 

Tho abovo constituting members are placed in 
Hie envelope. The inside of the envelope is kept at 
a vacuum degree in a range of from I0~> to to* 9 
torr in view of the electron emission characteristics 
20 of the electron-emitting elements. The aforemen- 
tioned supporting member is placed so as to sup- 
port sufficiently the envelope against the external 
atmosphenc pressure, the shape, the arrangement 
and the position being suitably decided. 
*s The image-forming device of the present inven- 

tion includes tho optical printers described below 

As shown in Figs. 31 to 33. the optical printer 
of (he present invention employs, as a light source 
83. the above image-forming member of the above 
30 image-forming device formed by luminescent ma- 
terial. A luminescent pattern is formed in accor- 
dance with information signals as described above 
and the light beam emitted from the luminescent 
material in accordance with the luminescent pattern 
35 is projected to a recording medium (86. 80. 89) to 
form an optical pattern if tho rocording medium is a 
photosensitive material, or a thermal pattern if the 
recording medium is a heat-sensitive material. The 
optical printer has a support (e.g.. a drum 87 and a 
*o delivering rollers 05) for supporting or delivering 
the recording medium. The recording medium may 
be a photosensitive drum 89 as siiown in Fig. 33. 
. ~ The present invention is described specificafly 
and in more detail by reference to Embodiments 

4S 

Embodiment 1 



Fig. 1 illustrates a rough perspective view of an 
image-forming device of a first embodiment of the 
so present invention. Fig. 2 is a cross-sectional view 
of the image-forming dovice viewed at A-A' in Fig. 

/jn the drawing, a rear plato 1. an external framo 
ll. and a faco plato 9 conslituto an envelope. An 
55 electron-emitting section 4. and electrodes 3a and 
3b for applying voltago to the oloctron-omiuing 
section constitute an electron-emitting element S. 
Wiling electrodes 2a and 2b (7a: a scanning elec- 
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Irodo. and 7b: an information signal electrode) are 
connected respectively to the above electrodes 3a 
and 3by A glass substrate 6. a fluorescent material 
{image-forming member) 8. and a transparent elec- 
trode 7 for applying voiUrge to the fluorescent s 
material constituto tho faco plato 9. The numeral 12 
denotes a luminescent spot, the numeral 10 de- 
notes an eleclicconcluctive supporting member to 
support the envelope against external atmospheric 
pressure, and the numeral 13 denotes a power to 
source for applying prescribed voltage to the efec- 
troconductive supporting member. "J 

As shown in the drawing, the electron-emitting 
element 5 and the fluorescent material 8 as the 
image-forming member are placed respectively on tz 
a counlorposod subsUatos (a roar pijto I and a 
glass plate 6). The clcclroconciuctive supporting 
•member i(j is placed between the substrates so as 
to support the rear plate 1 and the face plato 9 
against the atmospheric pressure. As shown in Fig. 20 
2, the supporting member 10 is positioned between 
the electron-emitting elements 5 on the rear plate 
side, and is positioned on the face plate side 
without electrical contact with the fluorescent ma- 
terials 8 and the transparent electrode 7. so that 25 
tho potential of tho supporting mombor 10 is de- 
cided certainly by the potential applied by the 
pov/er source 13. 

The electron-emitting element 5 is the afore- 
mentioned surface conduction type emitting ele- 30 
ment. A plurality of electf on-emitting elements are 
arranged in an XY matrix. All of the electrodes 3a 
of Ihe electron-emitting elements are connected to 
the scanning electrodes 2a. The electrodes 3b are 
connected to the information signal electrodes 2b. 35 
Thus tho olGctron-omitting olomont has a simple 
matrix construction which emits electrons on ap- 
plication of voltage between the clecliodcs 2a and 
2b in corresponding with information signals. 

I ho transparent electrode ( constructing the jo 
face plate 9 is connected to an external power 
sourco although it is not shown in the drawing. 
Therefore a prescribed voltage is applied through 
the transparent electrode 7 to the fluorescent ma- 
terial 8 placed in adjaceni to the transparent dec- 45 
Irodo 7. This voltage is usually in tho rango of from 
000 V to 6 kV, but is not limited thereto. In the 
case where a color image is displayed, the fluores- 
cent material 8 is replaced with a three-primary 
color fluorescent materials of red. green, and blue. 50 

| A process for producing an image-forming de- 
vice" of this Embodiment is briefly described below. 
(1) An insulating substrate, us a fear plate 1, is 
sufficiently washed. Thereon electrodes 3a, 3b 
are formed according to conventional vapor do- 55 
position technique and photolithography toch- 
niquo. Subsequently an information electrodes 
2b is formed similatly. 



(2) For electrical insulation of an information 
signal electrode 2b from a scanning electrode 
2a. an insulating layer is formed at the site 
where the electrodes'witl intersect (not shown in 
the drawing). Then a scanning electrode 2a is 
provided according to a vapor deposition toch- 
nique and a patterning technique (including pho- 
tolithography and etching).**] - 

In the above steps (1) and (2). the elec- 
trodes are formed with a material m3inly com- 
posed of nickel, gold, aluminum, or the like to 
have sufficiently low electric resistance. The in- 
sulating layer is formed mainly Irom SiO^. or the 
like. In surface conduction type emitting ele- 
ments, the gap G between the electrodes 3a 
and 3b (electrode gap) is proforably in a range 
of from 0.01 um to 100 urn, more preferably 
from 0.1 um to 10 um in view of the electron- 
emitting efficiency. In this Embodiment, the gap 
is 2 um. the length L of the electron-emitting 
section 4 is 300 um. and the arrangement pitch 
t of the electron-emitting elements 5 is 1.2 mm. 
: ' £ (3) Then an ultrafine Pd particle film having 
-particle diameter of about 100 A is formed be- 
tween the opposing electrodes 3a and 3b. As 
tho malarial for tho ultrafino particle film, suit- 
able are metals such as Ag and Au. and oxides 
such as Sn0 2 and ln 2 03 in addition to the 
above-mentioned Pd. In surface conduction type 
emitting elements, the particle diameter is pref- 
erably in a range of from 10 A to 10 um 
especially in view of the electron-emitting effi- 
ciency. The ultrafine particle film is adjusted to 
have a sheet resistance preferably in a range of 
from 10 3 ft/square to 10 s n/square. The ultrafine 
particle film having dosirablo characteristics can 
be prepared, for example, by applying n disper- 
sion of an organomctal and heal-ti eating the 
applied organometal to form an ultrafine particle 
film between the electrodes, instead of yas de- 
position method mentioned above. % "j • N 

(4) Then, on a glass substrate G. a transparent 
electrode 7 is formed with a material of ITO 
according to conventional technique of vacuum 
deposition and patterning, and thereon a fluores- 
cent material 8 is laminated, thus completing a 
face plate 9. 

(5) An electroconcluctive supporting member 10 * 
is placed as shown in Fig. 2. The electroconduc- 
live supporting member employed here is pre- 
pared by working photosensitive glass 1 0a and 
providing an electroconduclive film 10b on Ihe 
surface thereof. Tho electroconduclive support 
has a thickness T 2 of 150 um. a height L of 
1500 um. 

(6) An external frame 11 of 1.5 mm thick is 
placed between rear plate 1 and the the face 
plate 9. Then frit glass is applied between the 
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